In this paper we treat workplace voice and systems of high-commitment human resource management (HCHRM) as technological innovations in order to account for the uneven diffusion patterns observed across establishments. Using British data, the paper finds that variables highlighted in the technological diffusion literature are significant predictors of voice and HRM adoption decisions. Workplace size, size of multi-establishment network, ownership type, set-up date and network affects all play a significant role in high-commitment HRM adoption. We also find that union presence, per se, is not an inhibitor to the adoption of high commitment HRM practices.
Introduction
From administering payroll to the provision of meaningful two-way forms of workplace communication, the management of human resources occurs across a number of dimensions.
When employers treat these latter dimensions seriously, they can be said to employ a formal voice regime at their workplace Voice regimes can be direct or representative in nature and can be delivered in a number of ways; via a union, through management led initiatives or as part of some dual channel where management voice and union collective representation are both present (Willman et al., 2004) . Voice can also be accompanied by a system of high commitment human resource management (HCHRM) practices. The specific practices that form part of any given HCHRM system can be quite diverse, but typically they involve managerial attempts to motivate and manage workers through a series of workplace practices rather than through strict command and control structures. These various choices (e.g., the choice between adopting certain HCHRM practices or not, between offering voice or not, and between the in-house employer provision of voice or some union provision of voice) can be thought of as "technological" or "process innovation" adoption decisions. In this paper we model the correlates of these adoption decisions for British workplaces.
The impetus for this paper stems from a basic problem noted by a number of previous researchers (Erikson and Jacoby 2003; Baker, 1999 ) -voice and HCHRM have been found to impart measurable benefits to adopting firms, yet ubiquitous adoption has not occurred (Ichniowski et al., 1996; Godard 2004) . Up to now, most explanations for uneven diffusion patterns have relied on fairly ad hoc model specifications and apart from some recent exceptions (Eriksson, 2002) , most of the literature has focused almost exclusively on the US.
In this paper we treat voice and HCHRM as technological innovations and explain why this approach can help explain the adoption patterns of British establishments over time.
Specifically, we use Workplace Employment Relations Survey (WERS) data from 1984 to 1998 to answer a series of longstanding questions in the HCHRM literature. We begin by asking whether the presence of voice is a significant predictor of HCHRM intensity. The existence of a positive correlation between the two usage decisions would be an indicator of "supermodularity" (Milgrom and Roberts, 1995) . As a corollary we also ask which voice-type (i.e., union, dual or non-union) is most strongly linked to HCHRM intensity. This is an important question as it has been argued that HCHRM and union voice act as substitutes at the workplace. We then ask what workplace characteristics are likely to increase the net benefit of adopting voice and HCHRM and test whether these associations are empirically significant. Finally, we ask why it is that sector (state sector vs. private sector) and ownership type (family owned vs. publicly owned) remain such significant predictors of voice and HCHRM intensity across workplaces, even after controlling for typical explanations such as workplace size and industry.
We begin by looking at the formal literature on technological diffusion and develop hypotheses regarding the effect of several key variables on the adoption of voice and highcommitment human resource innovations at the workplace. Next we look at the data and describe the pattern of voice and HCHRM adoption in Britain. Then we test the hypotheses developed earlier using establishment data on variables linked to several diffusion models. We do this so as to distinguish which model is at work. We end with a discussion of the implications of our work for both theory and practice.
2.Theoretical Background
Implementing high-commitment human resource practices such as self-directed work teams or the adoption of a grievance procedure for employees seems straightforward: if the HRM practice or voice regime provides a net benefit (i.e. the discounted sum of future benefits less the cost of implementing the practice) it should be adopted by the workplace. In particular, it would seem that a practice (or set of practices) that conveys net benefits such as increased motivation, lower turnover, and greater information sharing should be adopted ubiquitously across all establishments. As can be seen from Figures 1 and 2 , however, the distribution of voice (i.e., the presence of some formal two-way form of communication) and high-commitment HRM practices across British establishments is not uniform. The HR practices that we consider high-commitment are 13 in total and are derived from studies by Pfeffer (1995) and Storey (1992) . The specific measures are discussed in detail in section 3 of the paper, but what is of importance in this context is that looking at the empirical distribution of HRM practices (figure 1) in 1998, we find that 27.7 percent of establishments with more than 10 employees had implemented fewer than 4 HRM practices, while an almost equal proportion had employed more than 10. Clearly, ubiquitous adoption has not occurred and there is substantial variation in HCHRM intensity that requires explaining.
In the case of voice, adoption varies considerably by firm characteristics such as set-up date and sector (figure 2). This seems to suggest that there are more differentiated considerations at play than the simple cost-benefit model would suggest. In particular, we have to ask what it is that keeps workplaces from implementing better (more profitable) HRM and voice-related practices?1 A look at the concepts of adoption and diffusion of new technologies may be helpful here.
High-Commitment HRM and Voice as a Problem of Technology Adoption
In what way, then, is implementing voice or an HR practice equivalent to a technology adoption decision? First, individual workplaces are not born with a voice regime or HCHRM system in place, meaning that there is an explicit adoption decision to consider. The timing of adoption is governed by the profitability and the arbitrage conditions.
2 Adoption also resembles "switching"
1 Hannan et al. (2004) study organizational inertia using a simulation model. While inertia in their study can be interpreted in many ways, the notion that firms are exposed to risks when undergoing an organizational transformation resonates with our intuition of workplaces implementing differences HRM practices. Uncertainty being the cause of adoption delays is one of the lines of reasoning we will test in this paper. 2 The profitability condition states that adoption must be convey positive benefits at the time of adoption, and the arbitrage condition postulates that waiting (arbitrage over time) is not profitable (Stoneman, 2002) .
-e.g. from a no-voice default to some form of voice -which calls for an assessment of switching costs, sunk costs and replacement effects.
For any technology or process innovation, there may also exist significant set-up costs even in the absence of purchasing costs. In our case these could include hiring HR expertise with specific knowledge of industry and firm characteristics. These costs may differ across workplaces and decrease over time, as the supply of this HR expertise increases.
Thus, it seems straightforward to view high-commitment HRM practices and voice as technologies, save for the absence of a "seller" and a "buyer" of voice or HRM technology. After all, firms do not "purchase" HRM practices or voice regimes necessarily, they merely choose to adopt them. Taking this argument further, however, would suggest that in the absence of this cost and the existence of positive benefits, all firms should have adopted voice and high-commitment HR practices by now. As this is clearly not the case, our analogy holds as there still seem to be significant non-pecuniary cost (e.g. learning cost) that deter firms from adopting voice or progressive HR practices ubiquitously. What is important for the voice and HCHRM as technology approach is that (1) net benefits differ across establishments for a host of reasons, (2) that they vary over time, and (3) that they may be negative for some firms at some points in time.
This framework works well where establishments have discretion in whether to adopt voice and HR practices or not. Indeed, one can think of situations where because of federal statue or EU law, the workplace is obligated to provide a formal voice regime to its employees. In such cases, the state has effectively "set a technology standard" for all workplaces, perhaps cognizant of the uneven diffusion patterns that are present in the absence of outside policy intervention.
3
The intuition above sets up our use of more formal models that can generate technological diffusion, i.e., the uneven and staggered adoption of an otherwise profitable technology. Nelson et al. (2004) classify different diffusion processes according to the degree of dynamic increasing returns (e.g. through network effects, competitive advantage or economies of learning and scale) and the ability to gather "sharp", i.e. objectively verifiable information on the technology (e.g. through information transmission and learning). Along similar lines, Geroski (2000) distinguishes between several effects that could generate technology diffusion. In particular, he identifies (1) the epidemic, (2) heterogeneity, (3) population ecology and (4) network effect approaches as possible generators of a staggered diffusion curve. We present each of these models below and extend the logic to cover questions of uneven HRM and voice adoption.
The Epidemic Approach to Voice and HRM Adoption
The epidemic approach (or variants of it) states that the net benefit of a technology is not known ex ante and that adopters learn over time. In the basic model, they learn about the technology's existence, while in information-cascade-type models, knowledge (or signals) of the technology's quality are revealed by the adoption decisions of other users (Bikhchandani et al. ,1989) . In both cases, knowledge can emerge exogenously (independent of adoption decisions) or endogenously (adoption-dependent). In the context of HRM and voice adoption, one could imagine that the age of the establishment, having access to information through employer affiliations or being part of a larger multi-unit firm network, would all be factors conducive to the increased (faster) adoption of HRM and voice-type offerings at the workplace level. Although relying on a different modelling approach, these latter two possibilities have already have been found to increase the likelihood of adoption of HRM intensive practices in the U.S. (Eriksson and Jacoby, 2003) .
The Heterogeneity Approach to Voice and HRM Adoption
The heterogeneity approach ranks firms by their propensity to adopt a new technology and postulates that firms deriving higher utility from adopting the technology will do so first (i.e., rank effect). The preference ranking can originate from a whole host of factors, including benefits (real or perceived) or costs (pecuniary and non-pecuniary) of adoption arising from absorptive capacity, switching cost, and usage of other complementary or substitute technologies. Under certain distributional assumptions, 4 this approach will also generate an s-shaped diffusion pattern.
In our case it seems intuitive that the benefits of high-commitment HRM and voice would be greater the larger the establishment. Establishment size increases employee alienation and supervisory costs. Workplaces faced with these problems are more likely to offer a grievance procedure and some form of self-monitoring, both of which can be engendered by voice and progressive HR practices. Conversely, the benefits of remaining voice free and still gaining valuable information from employees are greater the smaller the establishment.
In terms of perceived benefits, the heterogeneity approach leads us to another set of predictions regarding risk and variables such as size and ownership. Agent decision making often displays puzzling departures from standard expected utility theory. In particular, it has been observed that agents become more risk taking as the potential prospects (returns) they face get larger (Astebro, 2004 and Starmer, 2000) . In the context of HR and voice adoption, a firm would always be better off if it could appropriate all the benefits of voice without having to adopt a regime in the first place. This, however, is a risky decision and the tendency for that risky decision to occur, should increase as the prospects (returns) get better. In small owner-operated workplaces or in private (as opposed to public) sector workplaces, the potential returns of adopting voice for on owner-manager as the residual claimant are clearly greater than if a firm is run by management or is under state ownership (Astebro, 2004) . One would expect that workplaces with less to gain (or more to lose) from non-adoption will be more likely to adopt voice or intense HRM, while owner-operated establishments with more to gain are more likely to remain HRM and voice-free.
The heterogeneity approach also notes the important role played by the costs of adoption.
Adoption costs are especially relevant to small firms, as employing a sophisticated voice regime is not "cheap". To the extent that some scale economies may be at work, this would work in favour of size being positively related to voice and HRM adoption. Costs may also arise after adoption, in the form of switching costs. Technologies often create lock-in affects (i.e., the more accustomed a workplace becomes to a certain way of doing things, the more costly it becomes to switch-out). Switching costs may be larger for certain voice regimes and HCHRM practices, which could explain the slower diffusion profiles for these technologies, as the existence of lockin induces delay on the part of potential adopters.
In the case of HRM and voice, switching costs are have been affected by legal shifts and policy changes, since the early 1980s made union-free voice a more viable option for new establishments. Furthermore, because union voice necessarily involves a third party, it entails larger switching costs and hence one would expect that the incidence of union voice to be linked to set-up date -as establishments set up following these policy changes would face higher cost of switching out of union voice . Finally, the heterogeneity approach recognizes that the presence of substitute or complementary technologies could affect the adoption decision. In this case, since there are two technologies (HCHRM and voice) one can assess the well known contention (mostly found in the American literature) that a number of progressive HRM practices are substitutes for union voice, or equally, that union voice prevents firms from adopting the full panoply of progressive HRM policies.
The Population Ecology Approach to Voice and HRM Adoption
The population ecology approach relies on two factors to explain the gradual diffusion of technologies: a new technology of uncertain benefit may confer a competitive advantage to adopters. Early adopters will test the waters and if they are observed to improve their performance, will be imitated by later adopters. This imitation behaviour is termed the legitimisation effect -whatever is used by others is likely to be profitable. On the other hand, the advantage that the new technology confers will decrease as the number of adopters increases-a technology used by everybody cannot be a source of competitive advantage. This will slow down adoption by non-adopters -this is called the competition effect. These two counteracting forces may be reflected in several variables in our dataset, such as the extent of industry-wide adoption, set-up date and age of establishment. Because the legitimisation and competition effects work in opposite directions, these variables may well display effects that are non-linear.
The Network-Effect Approach to Voice and HRM Adoption
Finally, network effects may contribute to the uneven diffusion of a technology. Early adopters (which may have a higher propensity to adopt) will not benefit much from other adopters, while for later adopters network benefits are more important. The inclusion of lagged industry adoption levels of voice (the only variable for which we have longitudinal data) if positive, would suggest that voice is a network good. The actual mechanism could be as follows: to the extent that a voice regime shared by up-stream and down-stream establishments within an industry makes employee hiring and training easier and less costly, it makes sense that there could be spillovers by industry (e.g. through staff fluctuation) or through the dispersion of economy-wide information (e.g. through the training of HR consultants who then work in several different jobs within an industry).
Hypotheses
The hypotheses on the adoption probabilities (and speed) of voice and HCHRM adoption that we can derive from the various diffusion models above can be summarized as follows:
1. The size of inter-and intra-establishment networks positively affects the probability of voice and HCHRM adoption (epidemic model -learning and information spreading).
2. Establishment size positively affects the probability of voice and HCHRM adoption (heterogeneity model -benefits).
3. Workplaces set up post 1980 will have a lower probability of voice and HCHRM adoption than older firms (heterogeneity model -switching cost).
4. Public ownership (vs. family ownership) and for-profit orientation (vs. governmentsector) positively affect the probability of adoption of voice and HCHRM (heterogeneity model -expected utility and residual claimancy).
Aggregate industry adoption positively affects voice and HCHRM probabilities (network effects).
6. Voice and HCHRM adoption are positively correlated (supermodularity).
In the following section, we specify several tests of the explanations above for the staggered diffusion of voice and HCHRM technology.
The Data
We use the British Workplace Industrial Relations Surveys (WIRS), which consist of large scale repeated surveys of industrial relations in British establishments in the public and private sectors that have been conducted on four occasions -1980, 1984, 1990 and 1998 . The key features of this data set are described elsewhere (Millward et al., 2000, 3-10; 248-55, Michie and Sheehan, 1999 ). Our analysis is based on data collected from Human Resource managers responsible for the workplace industrial relations in the 1984, 1990 and 1998 surveys, which contain the voicerelated variables needed for our analysis. All analyses are weighted by the inverse of the workplace's probability of selection for the survey. With these weights, our analyses provide a representative portrait of workplaces in Britain with 25+ employees at the time of the surveys.
The size threshold for inclusion in WIRS was dropped to 10 employees in 1998. When analyses are confined to this 1998 survey, we include all workplaces with 10 or more employees.
No-voice workplaces are defined by the absence of two-way forms of (representative or direct) communication between workers and management. Specifically, in our data, to be considered a no-voice establishment a workplace must lack the following: union recognition union representatives on or off site a joint consultative committee meeting at least once a month non-union representatives on site* problem solving groups* regular meetings between management and employees which allow for two-way communication team briefings that occur at least once a month and devote time to employees' questions/views.
The starred items indicate measures available in the 1998 survey only. In the time-series analysis that follows we employ a narrow no-voice definition (lacking the additional 1998 measures) to make 1984-1998 comparisons. When analyses are confined to 1998, we consider the sensitivity of our results to the use of the broad definition which includes them.
For our measure of high-commitment human resource management practices, 5 we base our HRM intensity variable on managerial concepts outlined by Pfeffer (1995) , in which he explains how to produce a sustainable competitive advantage through the effective management of people. The dimensions captured are:
(1) selectivity in recruiting, In addition, the score includes an indicator that the workplace has a (12) formal strategic plan, strategic planning being a key component on HRM according to some commentators (Storey, 1992) and (13) widespread appraisal systems. A score of 13 would denote affirmative answers to each of these questions. Lacking any one of these HRM variables would give an establishment a score of 12 and so on. 
The Empirical Approach
Most studies of technology diffusion look at diffusion within a population, i.e. at aggregate figures (e.g. Koski and Kretschmer, forthcoming) . With the availability of more detailed data, however, individual switching decisions can be analyzed (Astebro, 2004) . Using workplace-level data, we pursue the second approach to explain the aggregate diffusion in the economy.
We assume that every workplace weighs current benefits and costs and make the decision to adopt or delay adoption depending on the net benefit's sign. We also include aggregate figures in the industry and economy to capture information and network effects. As we are analysing two "technologies" simultaneously (voice and HCHRM), we also test for the cross-effect between the two to determine whether the technologies are supermodular (Milgrom and Roberts, 1995) , i.e. if usage of one will affect the likelihood of adoption of the other technology.
Hypotheses 1 through 6 posited a positive relationship between voice and establishment characteristics such as public sector, workplace size, being part of a multi-establishment network, member of an employer association, and the extent of voice in an industry, controlling for other establishment-level variables such as industry (denoted Z ). A negative effect was hypothesised between voice and family ownership. More nuanced outcomes were hypothesised for the determinants of voice-type; establishments with recent set up dates would be positively associated with non-union forms of voice and negatively with union-only voice. We use the following estimation model to test our hypotheses.
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When we estimate this equation for voice and voice types (where 0 is no-voice in all cases), because we have three WERS data sets over three periods, we use a pooled times series estimate for [1] . This can account for cohort effects separately from pure age of establishment effects.
However, the 1998 WERS contains a richer dataset which allows us to add variables such as age of establishment, family ownership vs. publicly owned (stock), size of the establishment network, and number of organisational affiliations (as well as type). We drop the time subscript t when we focus on the 1998 WERS only. In all cases our estimates are presented in the easier to interpret linear probability estimate form. As these estimates are not qualitatively different from our logit estimates, we provide those upon request.
With respect to HCHRM intensity we estimate a similar model to [1], but since the HRM questions were only asked in the 1998 WERS survey, we are confined to that survey year only.
We do, however, augment the model with the richer variable list available in the 1998 WERS, which among other things allows us to estimate the "cross-effect" between the two technologies, When we estimate these equations for HRM intensity we also add a variant which codes a cut off of our score in order to designate "high" HRM intensity and the probability of an establishment falling above such a cut-off based on the variables highlighted above.
Results
We first present some basic descriptive data on voice, HRM intensity and the association between the two. As this is the only source of representative data for Britain on these variables, the descriptive results are interesting in their own right. Table 1 In figures 3 and 4 we show adoption of voice in Britain by set-up date in the manufacturing and service industries. We see that manufacturing establishments have witnessed a fall in the incidence of voice, especially for those set up after 1980 (i.e., after post-Thatcher labor market reforms). Service sector establishments did not seem to differ by set-up date although there was an increase of 10 percentage points in voice adoption from 1984 to 1998. In terms of voice regime, the changes have been more dramatic over time within the voice sector. In figure 4 we see that non-union only forms of voice have witnessed a remarkable increase since 1984 (increasing from 15 percent of all workplaces in 1984 to nearly 45 percent by 1998), and this has occurred almost exclusively at the expense of union-only forms of voice. In fact, a decline is also apparent in dual forms of voice (union and non-union forms sitting side-byside). Table 2 reports descriptive statistics (1998 only) on the use of high-commitment HRM practices, overall and disaggregated by key right-hand side variables. On average across establishments, 6.9 practices out of 13 are used, although this figure differs considerably across the variables highlighted in our six hypotheses. In particular small, single-establishment, family owned, private sector and middle-aged establishments use fewer HCHRM practices than larger, non-family owned, public sector, and younger or older establishments. Table 2 also reports statistics for the "cross-effect" or the relation between voice (and voice type) and HRM intensity. It confirms that establishments with voice use more HCHRM practices. This is true across all forms of voice. However, within voice types, HCHRM intensity varies significantly. Union only voice clearly has the lowest HRM score amongst voice types, yet this should not be construed as evidence that union presence inside an establishment is necessarily detrimental to the adoption of HCHRM, as dual-forms of voice have a greater HRM score than non-union only. Another way into this question is to ask which HRM practices are more or less associated with certain voice types.
Tables 3 and 4 address that question. In Table 3 we list all 13 HRM practices and split the percentage breakdowns by whether a workplace has voice or not. We see that most practices are more likely to be found in a workplace that also has formal voice. In Table 4 we present the same set of 13 practices, but looking at patterns within the voice-using sector. We see that establishments with dual voice have a greater likelihood of adopting almost all HRM practices, except for the compensation related (extrinsic) components such as incentive pay and employee ownership schemes, where establishments with non-union only voice are more likely to use these two practices.
The empirical distribution of HRM practices by voice and voice type are graphically depicted in figures 5 and 6. In figure 5 we see the rightward shift in HRM intensity that occurs for workplaces with voice as compared to those without. In figure 6 , across panels A through C we see the effect of voice-type on the empirical frequency of HRM practices. The panels are ranked in terms of overall mean in the HRM score, and we see how union-only voice with the lowest score also displays what unions seem to do everywhere, i.e., they compress the distribution of HRM scores. There are fewer outliers within the union voice type, with most firms located between 5 and 8 practices. In each panel the dotted line represents the overall frequency of scores.
Below we test if these relationships, which appear to confirm many of the conjectures in section 2, remain significant in our regression analysis.
The Determinants of Voice Adoption
We begin our analysis with a look at Table 5a. In this table we model the determinants of voice at the workplace using a linear probability model (logit estimates are similar and are available upon request). The coefficients can be interpreted as the percentage point change in voice adoption based on falling into one of our dependent categorical variable classifications. This table is limited in the number of RHS variables it can use since it pools all the data from 1984 to 1998 into one regression. The earlier survey waves included fewer questions and hence covariates. That being said, our results appear consistent with several of our hypotheses. In particular we find that: Public (government) sector establishments are significantly more likely to adopt voice than private sector establishments (all things equal), consistent with the effect of ownership type on risk taking behavior, Establishment size, as measured by number of employees, is positively related to voice adoption, consistent with the heterogeneity approach and benefits of voice rising with establishment size, and Being part of a multi-establishment firm network or an employer association, as opposed to being a single-establishment non-member, increases the likelihood of adopting voice by 16 and 9 percentage points respectively, a confirmation of our epidemic/cascade model predictions.
Many of these findings are replicated across union and dual voice types, but workplaces with non-union only voice seem to differ from some of these generalizations:
• Non-union voice only workplaces are on average smaller and less likely to be publicsector workplaces.
• Whereas for all forms of voice set-up date proves insignificant, it does so because there are offsetting effects between union/dual voice and non-union only forms. An establishment set up after 1980 is 10 percentage points more likely to adopt non-union voice, whereas an otherwise similar workplace is 9 and 3 percentage points less likely to have dual or union only form of voice respectively. This confirms our switching cost prediction; i.e., union voice has greatest potential lock-in, newly established workplaces would be expected to avoid adopting it once regulatory constraints (the end of the closed shop) are lifted.
As a test of network effects, we ran the same model as above, replacing individual industry dummies with a measure of voice incidence in the industry that the workplace was part of in the previous period. For example, we ran the same model as in Table 5a using 1998 data only, but entering the 1990 incidence of industry voice for each establishment. The results in Table 5b are insignificant for voice overall, but strong network effects were found in the case of dual voice.
That is, the greater the spread of dual voice in an industry in 1990, the greater the likelihood of a workplace in that industry adopting it in 1998. Insignificant negative effects were found for union-only and non-union only voice. Table 5c reports estimates of [1] with 1998 data only. In the first column we use overall voice as our dependent variable and find that as anticipated, even after controlling for size of establishment and a host of other controls, family ownership exerts a strong negative effect on voice as compared to all other forms of ownership. This is consistent with the heterogeneity approach to diffusion and the potentially larger returns from not investing in voice that accrue to a single owner, inducing less adoption. All other variables carry the expected sign, including the indeterminate effects that come from workplace age, as the legitimization and competition effects appear to counteract each other and lead to insignificant age-related effects for voice adoption. Table 6 reports estimates of models for HCHRM adoption and intensity. In the first column are the results of a dummy variable, which uses a cut-off of 9 HRM practices to denote a high HCHRM score (other cut-offs were tried and results were not significant different; results available upon request). We then explore the robustness of these results to a change in dependent variable, where the HRM intensity score is used. This score takes on a maximum value of 13 and a minimum of 0. In column (2) the mean score was 6.89 and as our results are qualitatively the same in both columns, we will confine our interpretation of results to the more intuitive HRM score results. When we look at our variables of interest we find that:
The Determinants of HRM Intensity
• Workplace size once again has a positive and significant effect on the number of HRM practices adopted.
• Workplaces that are part of some multi-establishment network also adopt more HCHRM practices, with the number of those practices increasing with network size;
• Age of establishment displays the inverted-U shape hypothesized as a result of the offsetting effects of the legitimization and competition effects. Workplaces aged 3 to 4 years are the most intensive users of HCHRM, while those aged under 3 and more than 21 years have lower scores;
• Organizational affiliations generally increase the use HCHRM up to a point, as the highest category (4 affiliations) seems to make little difference. Workplaces with three organizational affiliations have the highest use of HCHRM, consistent with our epidemic learning models;
• Finally, in terms of the hypothesized cross-effect between voice and HCHRM technologies, we find a more differentiated picture than previously explored. Consistent with much of literature, union only voice and HCHRM appear as substitutes, although the effect is small in magnitude. However, compared to workplaces with no voice, those with dual voice actually display the most intensive use of HCHRM, followed by non-union only.
Implications
So what do these results tell us about the uneven adoption of voice and HCHRM across workplaces? Firstly, our results suggest that voice and HCHRM are supermodular, at least in the sense that the two most common forms of voice, dual and non-union only, are linked positively with HCHRM practices. Union-only voice appears to be negatively related to HCHRM practices. This is an important finding as it suggests that union presence per se does not diminish HCHRM adoption, as dual channel voice (where both management and union forms of collective representation) was linked with the largest incidence of HCHRM adoption. We also find that scale and epidemic effects, reflected in variables capturing workplace size and size of multi-establishment network, explain a large part of the differences in adoption of voice and HCHRM across workplaces. This seems to confirm the idea that substantial non-pecuniary (learning effects) and non-obligatory costs (i.e., the hiring of HRM specialists) play a substantial role in preventing ubiquitous adoption.
Adoption costs, especially switching costs, seem to play a role in that the likelihood of union-only voice is strongly linked to set-up date. Workplaces set up after 1980 were significantly less likely to adopt any form of union voice (union only or dual). Because it is harder to abandon union voice --as it involves getting rid of a third party i.e., the union --than it is to abandon a management-led form of voice, this induces delay and encourages the adoption of easier-toabandon technologies.
Information about HCHRM and voice, as well as the diffusion of best practices, also seem to play a role in adoption, as reflected in our age and organizational affiliation variables. We should note, however, that for both voice and HCHRM, the age of establishment variable exhibited the counteracting effects of the population ecology's legitimization and competition effects. The newer the HCHRM practice, the more workplaces that are initially needed to adopt in order to induce latecomers to also adopt. However, once many adopt, the advantage is lost and fewer firms then join in the wave, creating an optimal age at which adoption is most likely to occur (i.e., in our case 3 to 4 years of age).
We found strong evidence that family owned firms have a different perceived benefit function than non-family owned firms. Family owned firms, even after controlling for size, multiestablishment, and industry were significantly less likely to adopt voice and use HCHRM practices. This result is consistent with the idea that every organization would in theory be better off not investing in voice and HCHRM, if it thought it could nevertheless reap all the benefits of these technologies (i.e., better effort, greater motivation, lower turnover etc.) without formal adoption. This is a risky decision, however, and workplaces in the public sector or management run are less likely to make. 7 6. Conclusion.
In this paper we treated voice and HCHRM as technological innovations and explained why this approach could help account for the uneven adoption patterns observed across British establishments. Specifically, we used Workplace Employment Relations Survey (WERS) data from 1984 to 1998 to answer a series of longstanding questions. We asked whether the presence of voice was a significant predictor of HCHRM intensity. The positive effect we found suggests that the two technologies are "supermodular" (Milgrom and Roberts, 1995) . As a corollary we also wanted to know which voice-type (i.e., union, dual or non-union) was most strongly linked to HCHRM intensity. These were important questions as it is often argued that HCHRM and union voice appear to be substitutes at the workplace. We found that the answer to this question is more nuanced than previously thought. While union-only voice does seem to be negatively related to HCHRM intensity, the presence of a union does not necessarily diminish HCHRM adoption. In fact, we found that workplaces with dual forms of voice (union and non-union side-by-side) had the highest HCHRM scores.
We also asked which workplace characteristics were likely to increase the net benefit (and hence adoption) of voice and HCHRM. The variables were drawn from our appropriation of technology diffusion models to the question of voice and HCHRM adoption. We found significant effects for size of establishment, age, organisational affiliations, size of multiestablishment networks and some evidence of network effects for dual voice. Finally, we provided an explanation for why it is that sector (government versus private) and ownership (family owned/operated versus management run) remain such significant predictors of voice and HCHRM adoption across workplaces, even after controlling for standard explanations such as workplace size and industry. The reason seems linked to a difference in perceived benefits, which can be explained by models of non-expected utility. Source: Data are for Britain using WERS data 1998. *The figure 0.09 is the standard deviation for the sample. Notes: Source: Data are for Britain using WERS data 1998. Numbers in parentheses refer to sample proportions *Broad definition of "voice" is used. HRM Score (1 t o 13)
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